Impaired transcription of human endogenous retroviruses in the sperm with exception of syncytin 1: short communication by Bergallo, Massimiliano et al.
Vol.:(0123456789) 
Molecular Biology Reports 
https://doi.org/10.1007/s11033-021-06577-6
SHORT COMMUNICATION
Impaired transcription of human endogenous retroviruses 
in the sperm with exception of syncytin 1: short communication
Massimiliano Bergallo1 · Stefano Canosa2  · Ilaria Galliano1 · Valentina Daprà1 · Paola Montanari1 · Marta Sestero2 · 
Gianluca Gennarelli2 · Chiara Benedetto2 · Alberto Revelli2 · Pier‑Angelo Tovo1
Received: 11 March 2021 / Accepted: 16 July 2021 
© The Author(s), under exclusive licence to Springer Nature B.V. 2021
Abstract
Background Human endogenous retroviruses (HERVs), remnants of ancestral infections, represent 8% of the human genome. 
HERVs are co-opted for important physiological functions during embryogenesis; however, little is known about their 
expression in human gametes. We evaluated the transcriptional levels of several retroviral sequences in human spermatozoa.
Methods and results We assessed, through a Real-Time PCR assay, the transcription levels of the pol genes of HERV-H, 
-K and -W families and of env genes of syncytin (Syn)1 and Syn2 in the spermatozoa from 8 normospermic subjects. The 
entity and distribution of their expressions were compared to values found in white blood cells (WBCs) from 16 healthy 
volunteers. The level of HERV transcripts was significantly lower in spermatozoa than in WBCs for HERV-H-pol, HERV-
K-pol, HERV-W-pol, and Syn2.In contrast, the level of expression of Syn1 in the sperm was similar to that found in WBCs 
and it was significantly higher than the mRNA concentrations of other HERV genes in spermatozoa.
Conclusions Our findings show, for the first time, the presence of several retroviral mRNAs in the sperm, although in low 
amounts. The higher concentration of Syn1 suggests that it could play a key role in the fusion process between gametes during 
fertilization and, perhaps, be involved in embryo development. Further studies could clarify whether aberrant HERV expres-
sions, in particular of Syn1, negatively affect fertilization and embryo growth and whether sperm manipulation procedures, 
such as cryopreservation, may potentially influence HERV transcription in the human male gamete.
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Introduction
Human endogenous retroviruses (HERVs) account for 
approximately 8% of the human genome. Repeated viral 
infections led to their integration into the DNA of primate 
germ-line cells over 25 million years ago with subsequent 
transmission to every future generation [1]. As a conse-
quence of mutations, deletions and recombination, HERVs 
are no longer able to produce infectious virions. However, 
they maintain the typical retroviral structure with three prin-
cipal genes: group associated antigens (gag), polymerase 
(pol), and envelope (env), flanked by two non-coding long 
terminal repeats (LTRs) that function as control regions. 
The majority of HERVs are inactive, although some retro-
viral sequences are transcribed, and a few encode proteins. 
HERVs can stimulate or block the expression of adjacent 
genes [2]. The long-lasting symbiosis between the cell 
genome and these viral guests has been one of the major 
factors contributing to evolution, as HERV-driven post-
endogenization processes promoted genome reorganization 
and new gene acquisition [3]. HERVs have been coopted 
to support important physiological functions, particularly 
during embryo growth and placentation. Grow et al. [4] 
demonstrated that HERV-K is transcribed during human 
embryogenesis from the 8-cell to the blastocyst stage, and 
transcription ceases during blastocyst expansion. HERVs are 
highly expressed in germ cells and in pluripotent stem cells 
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[4], and they are overexpressed in neonatal white blood cells 
(WBCs) and in the placenta [5, 6]. Among HERVs, syncytin 
1 (Syn1) is an envelope protein of the HERV‐W group: it is 
a cell–to-cell fusion glycoprotein that plays a crucial role in 
the formation of the syncytiotrophoblast and in feto-mater-
nal immunetolerance [7]. Similarly, syncytin 2 (Syn2) is an 
envelope protein of HERV-FRD (ERV-3) that mediates the 
fusion of the villous cytotrophoblast in the human placenta 
[8]. One of the most important cell fusion events in mam-
malian development is fertilization: molecules involved in 
sperm-egg binding, such as zona pellucida proteins, have 
been characterized [9], but additional ligands contribute to 
sperm-oocyte fusion. Endogenous retroviruses were hypoth-
esized to play a role in sperm–egg binding and fusion: both 
mouse and human oocytes express retroviral proteins on the 
oolemma [10], and HERV expression is rather high in testi-
cles, presumably due to local androgen effect [11].
The overall knowledge on HERVs in human gametes is 
limited [12, 13]. The aims of our study were to assess the 
transcriptional levels of pol genes of HERV-H, HERV-K, 
HERV-W families, and of env genes of Syn1 and Syn2 in 
human spermatozoa and to compare the expression of single 
genes and their relative distribution to values found in WBCs 
from healthy volunteers.
Materials and methods
Semen sample analysis and processing
Semen samples were collected from 8 subjects aged 
18–44 years requesting a sperm diagnostic test before under-
going an In Vitro Fertilization (IVF) treatment for female 
infertility at the Physiopathology of Reproduction and IVF 
Unit, S. Anna Hospital, Turin, Italy. Semen analysis was 
accomplished according to the World Health Organiza-
tion guidelines [14]. Only normozoospermic patients were 
enrolled in the study: a total semen volume of 1 ml was cen-
trifuged (2500 rpm for 1 min), the surnatant was discarded, 
the pellet was resuspended in 1 ml of Lysis Buffer (guani-
dine isothiocyanate 4 M, Sarkosil 2%, TrisHCl 50 mM, 
EDTA 10 mM, thioglycerol 1%) and stored at  − 80 °C until 
gene expression analysis.
Blood cell collection
WBCs were obtained from 16 male volunteers of similar 
age (20–40 years) who were investigated as control subjects 
in previous studies. After the RNA extraction and reverse 
transcription procedures described below, their cDNAs were 
held at  − 20 °C until thawing for simultaneous analysis with 
semen samples. The study was carried out in accordance 
with the Declaration of Helsinki and it was authorized by 
the ethics committee of the Azienda Ospedaliera-Univer-
sitaria Città della Salute e della Scienza, Turin (approval 
code 40486). Written informed consent was obtained from 
all participants. Data were gathered anonymously.
Total RNA extraction and measurement
Total RNA was extracted from spermatozoa and WBCs 
using the automated extractor Maxwell (Promega, Madison, 
WI) following the RNA Blood Kit protocol, that provides 
treatment with DNase during RNA extraction process.
RNA concentration and purity were assessed by tradi-
tional UV spectroscopy with absorbance at 260 and 280 nm. 
The nucleic acid concentration was calculated using the 
Beer-Lambert law, which predicts a linear change in absorb-
ance with concentration. The RNA concentration range was 
within manufacturer specifications for the NanoDrop (Ther-
mofisher). UV absorbance measurements were acquired 
using 1 µl of RNA sample in an ND-1000 spectrophotom-
eter under the RNA-40 settings at room temperature (RT). 
Using this equation, an A260 reading of 1.0 is equivalent 
to ~ 40 µg/ml single-stranded RNA. The A260/A280 ratio 
was used to define RNA purity. An A260/A280 ratio of 
1.8/2.1 is indicative of highly purified RNA. RNA extracts 
were directly amplified without reverse transcription to con-
trol the genomic DNA contamination.
Reverse transcription
Four hundred nanograms of total RNA were reverse-tran-
scribed with 8 μL of Improm II 5X reaction Buffer, 4.8 μL 
of  MgCl2 25 mM, 2 μL of ImProm-II (Promega), 1 μL of 
RNase inhibitor 20 U/L, 0.4 μL of random hexamers 250 μM 
(Promega), 2 μL of mix dNTPs 100 mM (Promega), and 
water in a final volume of 20 μL. The reaction mix was car-
ried out in a GeneAmp PCR system 9700 Thermal Cycle 
(Applied Biosystems, Foster City, CA, USA) under the fol-
lowing conditions: 5 min at 25 °C, 60 min at 42 °C, and 
15 min at 70 °C for the inactivation of enzyme; the cDNAs 
were stored at  − 20° until use.
Transcription levels of pol genes HERV‑H, ‑K, and ‑W, 
and of syncytin 1 and 2
Relative quantification of mRNA expression of HERV-H-
pol, HERV-K-pol, HERV-W-pol, Syn-1-env and Syn-2-env 
was achieved by means of PCR real time Taqman ampli-
fication and normalization to glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), using the ABI PRISM 7500 real 
time system (Thermofisher). GAPDH was chosen as refer-
ence gene being the most stable among 9 reference genes 
[and having already been used in our previous studies [5, 6, 
15, 16]. Forty ng of cDNA were amplified using HERV-H, 
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-K -W, mRNA expression kit PP-BioMole-054, -055, and 
-056, respectively (BioMole srl, Turin, Italy), in a 20 μl total 
volume reaction.
The Syn1 and Syn2 mRNA expressions were also quan-
tified by real-time PCR. Approximately 40 ng cDNA were 
amplified in a 20 μl of total volume reaction containing 
2.5 U goTaQ MaterMix (Promega), 1.25 mmol/l MgCl2, 
500 nmol of specific primers and 200 nmol of specific 
probes. The Syn1 primers were: (Sinc1F-ACT TTG TCT 
CTT CCA GAA TCG-3′) (Sinc1R-5′-GCG GTA GAT CTT AGT 
CTT GG-3′), and the probe was: (Sinc1P-6FAM-TGC ATC 
TTG GGC TCCAT-TAMRA); the syncytin 2 primers were: 
(Sinc2F-GCC TGC AAA TAG TCT TCT TT-3′) (Sinc2R- ATA 
GGG GCT ATT CCC ATT AG-3′), and the probe was: (Sinc2P-
6FAM- TGA TAT CCG CCA GAA ACC TCCC-TAMRA). The 
probes were designed by Primer ExpressTM software ver-
sion 3.0 (Applied Biosystems, Foster City, USA). The ampli-
fications were run in a 96-well plate at 95 °C for 10 min, 
followed by 45 cycles at 95 °C for 15 s and at 60 °C for 
1 min. Each sample was run in triplicate. Relative quantifica-
tion of target gene expression was performed with the ΔΔCt 
method. Hence, fold change was calculated and results were 
expressed in corresponding arbitrary units, called relative 
quantification (RQ). Since we measured Ct for every target 
in all samples, we argued that our methods were suitable for 
HERV detection and quantification.
Statistical analysis
One-Way ANOVA test was used to compare the transcrip-
tional levels of HERV-H, -K, -W, Syn1 and Syn2 in WBCs 
and in spermatozoa, Mann–Whitney test was used to com-
pare the transcriptional levels of GAPDH and HERVs in 
WBCs with those in spermatozoa, and Wilcoxon matched-
pairs signed rank test was used to compare the expression of 
Syn1 with the expression of the other HERVs in spermato-
zoa. Statistical analyses were done using the Prism software 
(GraphPad Software, La Jolla, CA). In all analyses, p < 0.05 
was considered to be statistically significant.
Results
WBCs were collected from 16 healthy volunteers, sperm 
samples from 8 normospermic individuals. Their semen 
analysis revealed a mean volume of 1.9 ± 0.6 ml, mean 
sperm concentration/ml of 75.8 ± 10.8 million, mean pro-
gressive motility (A + B) of 37.4 ± 4.6%, and mean normal 
morphology of 8.1 ± 2%, matching the normozoospermic 
definition of WHO guidelines [14].
The average total RNA concentration per cell 
was 71 times greater in WBCs than in spermatozoa: 
654.47 ± 260.14 fg/cell in WBCs vs. 9.17 ± 10.59 fg/cell in 
spermatozoa (p < 0.0001).
The mean mRNA levels of the reference gene (GAPDH) 
were 5.7 times greater in WBCs than in spermatozoa (Ct 
22.07 ± 0.82 vs. Ct 23.96 ± 2.97, respectively, p = 0.1683 by 
Mann–Whitney test).
The mean transcription levels of HERV-H (1.17 ± 0.63), 
HERV-K (1.13 ± 0.55), and HERV-W (1.08 ± 0.42) as well 
as of Syn1 (1.06 ± 0.32) and Syn2 (1.07 ± 0.39) were com-
parable in WBCs (Fig. 1). In contrast, there was a significant 
difference among the mean values of the HERV RNAs in 
spermatozoa: HERV-H (0.36 ± 0.15), HERV-K (0.25 ± 0.09), 
HERV-W (0.15 ± 0.06), Syn1 (0.86 ± 0.44) and Syn2 
(0.19 ± 0.13) (Fig. 2). The mean level of Syn1 transcript was 
2.3 times higher than that of HERV-H (p = 0.0391), 3.4 times 
higher than that of HERV-K (p = 0.0156), 5.7 times higher 
than that of HERV-W (p = 0.0078), and 4.5 times than that 
of Syn2 (p = 0.0234) (data obtained by Wilcoxon matched-
pairs signed rank test). Overall, the mean HERV transcrip-
tion levels were higher in WBCs than in spermatozoa, with 
statistically significant differences for HERV-H (p = 0.0005), 
HERV-K (p = 0.0001), HERV-W (p = 0.0001), and Syn2 
(p = 0.0001), whereas for Syn1 WBCs and spermatozoa 
had comparable transcription levels (p = 0.1880) (Fig. 3). 
Therefore, the trans-activation of Syn1 was less repressed 
than other HERV sequences in spermatozoa.  
Discussion
The present study shows, for the first time, the presence 
in human spermatozoa of mRNAs of several retrovi-
ral sequences evidenced by a real-time PCR assay. They 
Fig. 1  Transcriptional levels of pol genes of HERV-H, HERV-K, 
HERV-W, and of syncytin 1 and syncytin 2 in white blood cells. 
Transcription levels are represented by Relative Quantification (RQ). 
Syn1 = syncytin 1; Syn2 = syncytin 2. Statistical analysis was per-
formed through One-way Anova test
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presumably represent the active transcription in the sperm 
of pol genes of HERV-H, -K, and -W families as well as of 
Syn1 and Syn2 genes, although their transcription in pro-
genitor cells with subsequent mRNA persistence cannot be 
excluded [17]. However, their expressions were significantly 
lower than those found in WBCs, with the exception of 
Syn1, whose transcription levels were comparable between 
spermatozoa and leukocytes.
The underlying molecular mechanism responsible for 
the limited trans-activation of most HERVs in spermatozoa 
remains to be elucidated. There is general agreement that 
HERV expression is regulated by epigenetic mechanisms: 
special emphasis has been put on the repressive effects of 
DNA methylation and heterochromatin silencing by histone 
modifications [18]. During the progression of sperm cell 
maturation within testicles, male germline undergoes exten-
sive histone remodeling and DNA demethylation, soon fol-
lowed by wide de novo DNA methylation, with about 70% 
of CpG that appear methylated in fully mature spermatozoa 
[18]. In human male germline de novo DNA methylation 
initiates in mitotically arrested prospermatogonia, before the 
onset of meiosis [18]. In mature spermatozoa, DNA is fur-
ther compacted by binding to protamine, specific structural 
Fig. 2  Transcriptional levels of pol genes of HERV-H, HERV-K, 
HERV-W, and of Syncytin 1 and Syncytin 2 in spermatozoa. Tran-
scription levels are represented by Relative Quantification (RQ). 
Syn1 = syncytin 1; Syn2 = syncytin 2. Statistical analysis among the 
mean values of all HERV genes was performed through One-way 
Anova test. The statistical significance between each HERV gene 
with each other is reported in the text
Fig. 3  Transcriptional levels of pol genes of HERV-H, HERV-K, 
HERV-W, and of syncytin 1 and syncytin 2 in the sperm compared 
to those in white blood cells. Transcription levels are represented by 
Relative Quantification (RQ). WBCs = white blood cells; Syn1 = syn-
cytin 1; Syn2 = syncytin 2. Statistical analysis was performed through 
Mann–Whitney test
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proteins protecting from extracellular stressors [19]. Inter-
estingly enough, some chromatin regions, corresponding to 
retrotransposons, escape epigenetic remodeling occurring 
in male germline. The maintenance of intact DNA meth-
ylation marks, blocking activation of retroviral sequences, 
decreases the risk of HERV-driven deregulation of neighbor-
ing cellular genes, as well as the occurrence of germ line 
mutations due to novel insertions into the DNA of retro-
transcribed HERV RNAs [20]. Overall, the reduced cellular 
gene expression in spermatozoa presumably encompasses 
most retroviral sequences, though a few endogenous retro-
viruses, perhaps involved in crucial physiological functions, 
escape from the transcription impairment.
The most intriguing point of our study is the selective 
preservation of Syn1 trans-activation compared to other 
HERVs. Given the typical fusogenic properties of Syn1, the 
observation that it is marginally involved by repressive epi-
genetic phenomena further supports its potential relevance 
in the fusion process between sperm and oocyte membranes. 
Bjerregaard et al. [13] actually documented the presence of 
Syn1 mRNA and protein in the acrosome region and at the 
equatorial segment of spermatozoa; Syn1 was undetectable 
in oocytes, whereas its receptor ASCT-2 was present both 
in the sperm and in the oocyte.
To the best of our knowledge, no information was avail-
able on the presence of Syn2 or its receptor in human gam-
etes. Our findings show that Syn2 is transcribed in sperma-
tozoa, although at lower levels than Syn1. Given its typical 
fusogenic properties, also Syn2 might contribute to gamete 
fusion during fertilization and be involved in the prevention 
of further sperm–oocyte binding and polyspermy [7, 8].
After fertilization, paternal DNA demethylation occurs 
first, then both paternal and maternal genes are demethyl-
ated, and start to be expressed between the four- to eight-cell 
stage [21], when there is evidence that also HERV-K starts 
to be intensively transcribed [4]. Liu et al. [22] documented 
a strong association between embryonic genome activation 
and the activation of endogenous retroviruses. Furthermore, 
growing evidence highlights the immunosuppressive effects 
of syncytins that could protect the semi-allogenic embryo 
from the aggression of the maternal immune system [6, 23]. 
Based on our data, it may be speculated that sperm HERVs 
might have a role not only during egg fertilization, but also 
in the earliest phases of embryogenesis.
Provided that Syn1 (and other retroviral molecules) is 
important for the correct fusion between gametes and for 
human embryo growth, alterations such as low or absent 
HERV expression might account for a lower fertilization 
capacity or for a poor-quality embryo generation by sub-
fertile men. In fact, spermatogenesis defects in humans were 
associated with altered HERV-K activation and HERV15-
induced chromosomal alterations, or aberrant sperm DNA 
methylation processes, leading to infertility [24]. In addition, 
the variation of chemo-physical variables, such as tempera-
ture, oxygen tension and culture media composition, or 
procedures like sperm intra-cytoplasmic injection (ICSI) 
and cryopreservation, were claimed to dramatically perturb 
the epigenetic reprogramming in human spermatozoa and 
embryos [25].
To conclude, our results show that some HERVs are 
detectable in human spermatozoa, though their transcription 
levels are significantly reduced in comparison with leuko-
cytes. The reason could be the overall lower transcription 
activity in spermatozoa, though a selective inhibition of their 
expression by targeted epigenetic regulatory mechanisms 
cannot be excluded. The unexpected preservation of Syn1 
activation supports its putative role in the fusion process 
between gametes at the time of fertilization, and possibly 
its positive role in embryo development and in its protection 
from the maternal immune system. Further studies could 
assess whether an abnormal HERV expression, in particular 
of Syn1, can influence fertilization and embryo growth. In 
turn, it could be worth verifying whether sperm manipula-
tion procedures, such as ICSI or cryopreservation, can affect 
the pattern of HERV transcription.
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